INTRODUCTION
The physical nature of the ionosphere of Venus is now becoming better understood both because of the growing data base from the Pioneer Venus orbiter (PVO) and because of theoretical model calculations utilizing this data base. Prior to Pioneer Venus, numerous models were developed, and these are referenced both by Schunk and Nagy [1980] and by Cravens et al. [1979] . This paper as well as the companion paper on the ion composition [Nagy et al., Tm electron or ion temperature; nm electron density; Km electron or ion thermal conductivity; Qm electron or ion heating rate; $m electron or ion cooling rate.
Bulk transport terms are not expected to be too important, at least at altitudes well below the ionopause on the dayside, although the possibility of Joule heating due to bulk motions will be considered briefly. The cooling processes used were outlined in ½hen and Nagy [1978] and ½hen [1977] , although some changes were introduced by Cravens et al. [1979] . In particular, the O(3P) fine structure cooling rate is from Hoegy [1976] , the O(ID) cooling rate is from Banks and Kockarts [1973] , and the CO and CO2 vibrational cooling rates are adopted from Porter and Mayr [1979] . The basic expressions for the standard thermal conductivities are from Banks and Kockarts [1973] . The ion conductivity, as well as the electron conductivity, was corrected for damping by the neutral gas, using a procedure discussed in Banks and Kockarts [1973] .
Later in this section there will be a discussion of how the standard expressions for thermal conductivity can be modified to take into account the effects of a fluctuating magnetic field.
Neutral Atmosphere and Ionosphere Parameters
Four neutral models appropriate for average conditions at solar zenith angles of 0 ø, 60 ø, 80 ø, and 90 ø were constructed by using neutral density values consistent with data from the neutral mass spectrometer aboard the PV orbiter [Niemann et al., this issue]. The orbit to orbit variation of neutral density is considerably less than 50% for the dayside at an altitude of 150 kin, and the 'average' models used here should be appropriate. The reader is referred to Niemann et 
Thermal Conductivity
In the absence of collisions, charged particles in a uniform magnetic field will move in helical paths and stay 'frozen' to the magnetic field lines. Collisions enable these charged particles to diffuse perpendicular to the field lines. Cravens et al.
[1979] incorporated a uniform magnetic field into their temperature model and showed that the subsequent reduction of the thermal conductivities resulted in elevated electron and ion temperatures. The ratio of the thermal conductivity for a strictly horizontal magnetic field relative to the 'standard' conductivity is [Hochstim and Massel, 1969 ical' field is larger than 10 ¾ and at other times it is smaller than 2 ¾. The magnetic field usually has a very large fluctuating component with a fluctuation correlation length probably less than 10 km (R. Elphic and C. T. Russell, private communication, 1980). To obtain the thermal conductivity of a charged particle in an irregular or fluctuating magnetic field, the value of the mean free path of the particle in this fluctuating field is required. For fluctuations of the magnetic field of the same order as or smaller than the average magnitude of the field, then the results of a quasi-linear theory of charged particle motion can be used to obtain values for the effective mean free path 3`. This quasi-linear theory is discussed in the appendix. Given the mean free path 3`, the thermal conductivity can be written as [Banks and Kockarts, 1973] Kf = 3•An•k P' 3,
where f• is the average thermal speed, ne is the electron density, k is Boltzmann's constant, and A is a correction factor of order unity (.66 is used here) that takes into account thermoelectric effects. Equation (3) predicts that as 3, goes to zero, the conductivity goes to zero. In this case the conductivity shouM actually be the standard conductivity (K,), multiplied by FB (equation (2) Quasi-linear theory is an approximate guide to the transport properties of charged particles for fluctuations of about the same magnitude as the average magnetic field. If the gyroradius of a particle is less than the correlation length of the fluctuations, then the theory predicts that the mean free path of the particle is approximately equal to the correlation length ((A13) in the appendix). On the other hand, if the gyroradius is considerably larger than the correlation length, one can show with quasi-linear theory (using an equation similar to (A 10) in the appendix) that the mean free path is of the same order as or larger than the gyroradius. If the magnitude of the fluctuations is much larger than the magnitude of the average magnetic field, then quasi-linear theory is not valid. In this case, intuition suggests that if the gyroradius is smaller than the correlation length, then the mean free path is still about equal to the correlation length. However, in this case, if the gyroradius is much larger than the correlation length, the mean free path will be extremely large and the particles do not 'feel' the magnetic field.
The The gyroradius of a thermal O + ion (• .15 eV) in a 2 7 field is 110 km and in a 10 7 field is 22 km. For an average horizontal magnetic field strength of 2 7, quasi-linear theory gives a mean free path of about 100 km, which is quite large. Quasilinear theory assumes that the plasma is collisionless. However, for a 2 7 field the collision frequency everywhere in the ionosphere is large enough to decouple the ions from the field, and consequently, the magnetic field (with or without fluctuations) will have little influence on ion transport. For a 10 7 field the mean free path is about 20 km, but even for B = 10 7 ion collision frequencies for zenith angles less than 80 ø are large enough to decouple effectively the ions from the magnetic field because of the rather large ion densities at these zenith angles. The results of Cravens et al. [1979] for a uniform magnetic field indicate that calculated ion temperatures are only marginally affected by magnetic field strengths less than 10 7. Later in this paper we will employ a range of h values for ions, but one should bear in mind that for ions magnetic fluctuations are not too important.
Photoelectrons and the Electron Heating Rate
The rate at which photoelectrons heat the ambient thermal electron population is obtained from the calculated photoelectron flux. The two-stream photoelectron transport method of Nagy and Banks [1970] was modified for Venus and was used to calculate the photoelectron fluxes. The photoelectron production rates were calculated by using the measured solar EUV flux appropriate for 1979 solar conditions, using measured photoionization and photoabsorption cross sections, and using measured neutral densities for each of the solar zenith angles being considered. This material is discussed in more detail in Nagy et al. The heating rate of thermal electrons due to photoelectrons is shown in Figure 3 for four zenith angles and for no inhibition of vertical transport. At the subsolar point the heating rate for inhibited photoelectrons is also shown; notice that at high altitudes this heating rate is much less than the other heating rate.
Joule and Chemical Healing of Ions
The two major sources of heating for the ion gas are energy transfer from the electron gas via Coulomb collisions and exo- are clearly much smaller than the measured OETP values, which are about 5000øK at 400 km. As X decreases, the thermal conductivity decreases and heat is less readily transported from higher altitudes to lower altitudes where the electrons are cooled most effectively. Consequently, as X decreases, the electron temperature increases. If • is chosen to be 3 km, then gyrofrequency is also smaller and the ions are more closely 'tied' to magnetic field lines. When calculations were performed (but not shown) in which B was 2 ¾ rather than 10 ¾, the resulting ion temperatures were reduced almost to their B = 0 values at all zenith angles.
In section 2 it was stated that the electron mean free path in the fluctuating ionospheric magnetic field on Venus is probably less than 10 km. However, if the value of h is really much larger than 10 km, then the electron conductivity is relatively unaffected and a significant additional input of energy is required to produce electron temperatures as large as the measured ones. The electric field experiment on PVO It is quite likely that the transport properties of various particles will be highly variable, because the nature of the magnetic field appears to change from orbit to orbit. For instance, when the field is quite small and/or very highly variable, then the transport of photoelectrons and ions, and possibly even thermal electrons, will be relatively uninhibited. On the other hand, on those occasions when the field is large and relatively coherent, the vertical transport of all types of particles will probably be inhibited. In this paper we have made a general study appropriate for average dayside conditions in order to sort out the importance of some basic processes. At some point in the future it will be advantageous to do detailed studies of individual orbits, utilizing simultaneous data from many PV instruments at once such as the magnetometer, the Langmuir probe, the retarding potential analyzer, the ion mass spectrometer, the neutral mass spectrometer, and the electric field detector.
APPENDIX
In this appendix a quasi-linear theory of particle transport in a fluctuating magnetic field is used to derive an expression for the effective mean free path of these particles. For some conditions this mean free path can then be used in the expression for thermal conductivity which is discussed in section 2. The details of this theory can be found in the review paper on the propagation of cosmic rays in the solar wind by Jokipii When the fluctuations are very large and the gyroradius is very large, then it is clear that h will be relatively large; however, quasi-linear theory will not be applicable in this case.
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